AMENDMENT AND RESPONSE UNDER 37 CFR § 1.111 

Serial Number: 10/649,406 
Filing Date: August 27, 2003 

Title: SYSTEM AND METHOD FOR REMOVING NARROWBAND NOISE 



IN THE CLAIMS 

Please amend the claims as follows: 

1 . (Currently Amended) A medical device programmer comprising: 

an antenna adapted to receive a signal transmitted from an implantable medical device, 
the signal including a carrier signal modulated with transmit pulses by amplitude shift keying, 
the transmit pulses generated by the implantable medical device; 

analog receiver circuitry coupled to the antenna; 

an analog-to-digital converter to digitize the received signal into sets of input samples; 

at least one filter coupled to the analog-to-digital converter analog receiver circuitry , the 
at least one filter having frequency characteristics dynamically adjustable based on at least one 
peak frequency in a noise spectrum of the received signal; 

a noise spectrum detector, coupled to the at least one filter, to detect the at least one peak 
frequency in the noise spectrum by discrete Fourier transforming a set of input samples to 
produce a power spectrum of the input signal and subtracting a template spectrum therefrom, the 
template spectrum corresponding to a representative input signal without noise ; and 

a pulse detector, coupled to the at least one filter, to detect the transmit pulses. 

2. (Currently Amended) The programmer of claim 1, wherein the signal has a bandwidth of 
approximat e ly 10 to 150 kilohcrtz the noise spectrum detector further comprises: 

means for computing a power spectrum, Pu of the received signal; and 

means for computing the noise spectrum, P n = Pj - R*P g , where P g is a template spectrum 

precomputed from a representative received signal generated under noise-free conditions, and R 

is an average ratio of P; to P g . 
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3. (Currently Amended) 



The programmer of claim 1, furth e r comprising an analog - to 



digital conv e rt e r, coupl e d between the analog receiver circuitry and the at least on e filt e r, to 
digitiz e the r e ceiv e d signal, and wherein the at least one filt e r compris e s at l e ast one digital filt e r 
having dynamically adjustable filter coefficients, wherein the noise spectrum detector further 
comprises means for summing the power spectra of a series of input sample sets to produce the 
power spectrum of the received signal 

4. (Original) The programmer of claim 3, further comprising a filter synthesizer, coupled 
between the noise spectrum detector and the at least one filter, to synthesize the at least one filter 
based on the at least one peak frequency in the noise spectrum. 

5. (Original) The programmer of claim 4, wherein the at least one digital filter comprises at 
least one digital notch filter to remove narrowband noise from the received signal. 

6. (Original) The programmer of claim 5, wherein the at least one digital notch filter has a 
notch frequency corresponding to the at least one peak frequency in the noise spectrum. 

7. (Original) The programmer of claim 6, wherein the at least one digital notch filter comprises 
an infinite impulse response (IIR) notch filter. 

8. (Currently Amended) The programmer of claim 6, further comprising a digital matched 
filt e r, coupl e d b e tw ee n the at least on e digital notch filter and the pulse detector, to r e mov e 
broadband noise from the receiv e d signal, wherein the pulse detector comprises a matched filter. 

9. (Currently Amended) The programmer of claim 8, wherein the digital match e d filt e r 
comprises a finite impulse response (FIR) filter having coefficients derived based on a transmit 
pul3C expected to be gen e rated by th e implantable m e dical d e vice, pulse detector further 
comprises means for detecting transmit pulses within the input signal samples by comparing 
output values of the matched filter with a pulse threshold value wherein the pulse threshold value 
is adjusted in accordance with measured peak values of noise and the transmitted signal. 
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10. (Currently Amended) The programmer of claim 9, wherein the digital matched filter ha3 
co e ffici e nts d e riv e d based on a captur e d noise - free signal transmitted from the implantable 
m e dical d e vice, further comprising means for measuring noise peak values at a time when the 
implantable device is known not to be transmitting in accordance with a telemetry protocol. 

1 1 . (Currently Amended) The programmer of claim 9, wherein the digital matched filter is 
adapted to perform a convolution b e tween th e r e c e iv e d signal and a signal corresponding to a 
time - r e vers e d v e rsion of the transmit pulse expected to be generated by the implantabl e m e dical 
devieer further comprising means for computing the pulse threshold value as a fraction of a 
weighted moving average of measured signal peak values that exceed a specified minimum pulse 
threshold value, 

12. (Currently Amended) The programmer of claim H wherein the pulse detector detects 
th e transmit pulses by comparing an output of th e match e d filt e r with a thr e shold value, further 
comprising means for adjusting the minimum pulse threshold value in accordance with measured 
noise peak values. 

13. (Currently Amended) The programmer of claim 12, further comprising: 

a noise p e ak d e t e ctor, coupled to the digital match e d filt e r, to d e tect p e ak nois e valu e s in 
the digitized received signal; 

a signal p e ak d e t e ctor, coupl e d to the digital match e d filt e r, to d e t e ct p e ak signal values in the 
digitized received signal; and 

thr e shold adjustm e nt circuitry for adjusting the threshold valu e bas e d on the p e ak nois e valu e s 
and the peak signal valu e s. 

means for adjusting the minimum pulse threshold by comparing a current minimum pulse 
threshold value with a measured noise peak value, setting the minimum pulse threshold value 
equal to the measured noise peak value if the measured noise peak value is greater than the 
current minimum pulse threshold value, and setting the minimum pulse threshold value equal to 
a weighted moving average of measured noise peak values if the measured noise peak value is 
less than the current minimum pulse threshold value. 
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14. (Currently Amended) A medical device programmer comprising: 

means for receiving a signal transmitted from an implantable medical device, the signal 
including transmit pulses generated by the implantable medical device; and 

means for removing narrowband noise from the received signal, including: 

means for detecting a noise spectrum of the received signal by discrete Fourier 
transforming a set of input samples to produce a power spectrum of the input signal and 
subtracting a template spectrum therefrom, the template spectrum corresponding to a 
representative input signal without noise ; 

means for detecting frequency peaks in the noise spectrum; and 
means for synthesizing one or more filters based on the detected frequency peaks 
in the noise spectrum. 



15. (Currently Amended) The programmer of claim 14, further comprising m e ans for 
r e moving broadband nois e from th e r e c e iv e d signal by corr e lating th e received signal with a 
transmit puls e e xp e ct e d to b e gen e rat e d by th e implantabl e m e dical d e vic e , a transmit pulse 
detector which includes a matched filter. 



1 6. (Currently Amended) The programmer of claim 15, further comprising means for 
detecting the transmit pulses by comparing an output of the means for removing the broadband 
noise from the received signal with a threshold value, wherein the transmit pulse detector further 
includes a means for comparing a threshold value with the output of the matched filter. 

17. (Original) The programmer of claim 16, further comprising means for adjusting the 
threshold value based on the received signal. 
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18. (Original) The programmer of claim 17, wherein the means for adjusting the threshold value 
comprises; 

means for detecting peak noise values from the received signal; 
means for detecting peak signal values from the received signal; and 
means for dynamically adjusting the threshold value based on the peak noise values and 
the peak signal values. 

19. (Currently Amended) A method comprising: 

receiving a signal transmitted from an implantable medical device, the signal including a 
carrier signal modulated with transmit pulses by amplitude shift keying, the transmit pulses 
generated by the implantable medical device; 

detecting a noise spectrum of the received signal by discrete Fourier transforming a set of 
input samples to produce a power spectrum of the input signal and subtracting a template 
spectrum therefrom, the template spectrum corresponding to a representative input signal without 
noise ; 

detecting one or more peak frequencies in the noise spectrum; 

adjusting frequency characteristics of one or more filters based on the detected one or 
more peak frequencies in the noise spectrum; 

filtering the received signal using the one or more filters; and 
detecting the transmit pulses from the filtered received signal. 

20. (Original) The method of claim 19, wherein adjusting the frequency characteristics of the 
one or more filters comprises dynamically synthesizing one or more digital notch filters to 
remove narrowband noise. 

21. (Original) The method of claim 20, wherein dynamically synthesizing the one or more 
digital notch filters comprises dynamically adjusting notch frequencies according to the detected 
one or more peak frequencies in the noise spectrum. 
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22. (Original) The method of claim 21, wherein dynamically synthesizing the one or more 
digital notch filters comprises dynamically adjusting filter coefficients of one or more infinite 
impulse response (IIR) filters. 

23. (Original) The method of claim 21, wherein detecting the noise spectrum of the received 
signal comprises: 

computing a power spectrum, Pi, of the received signal; and 

computing the noise spectrum, P n = Pi - R*P e , where P e is a template spectrum 

precomputed from a representative received signal generated under noise-free conditions, and R 

is an average ratio of Pi to P e . 

24. (Original) The method of claim 23, furthering comprising computing spectral threshold 
values for detecting the peak frequencies in the noise spectrum based on a mean and a standard 
deviation of P n . 

25. (Original) The method of claim 24, wherein computing the spectral threshold values 
comprises setting the spectral threshold values at three standard deviations above the mean of P n . 

26. (Original) The method of claim 20, further comprising filtering the received signal with a 
matched filter to remove broadband noise. 

27. (Original) The method of claim 26, wherein filtering the received signal with the matched 
filter comprises performing a convolution between the received signal and a digital signal . 
corresponding to a time-reversed version of a transmit pulse expected to be generated by the 
implantable medical device. 

28. (Original) The method of claim 26, wherein filtering the received signal with the matched 
filter comprises deriving filter coefficients based on a transmit pulse expected to be generated by 
the implantable medical device. 
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29. (Original) The method of claim 28, wherein deriving the filter coefficients comprises 
deriving filter coefficients for a finite impulse response (FIR) filter. 

30. (Original) The method of claim 28, wherein deriving the filter coefficients comprising 
capturing a noise- free signal transmitted from the implantable medical device. 

3 1 . (Original) The method of claim 26, wherein detecting the transmit pulses comprises 
comparing an output of the matched filter with a threshold value. 



32. (Original) The method of claim 31, further comprising: 
detecting peak noise values in the received signal; 
detecting peak signal values in the received signal; and 

adjusting the threshold value based on the peak noise values and the peak signal values. 



